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(54) System for controlling pump operation 

(57) A method of facilitating the maintenance of a 
pump and for facilitating changes in the operation of a 
pump is provided. The method includes the steps of pro- 
viding a pump including wear parts, a processor and a 
memory; sensing at least one operating condition of the 
pump indicative of the operation of the pump; generating 
pump operational data reflective of the sensed operat- 
ing condition; storing the generated operational data in 
the memory of the processor; storing parts identification 
data identifying wear parts of the pump in the memory; 
storing at least one predetermined level of operational 
information; and operating the processorto compare the 
stored predetermined level to the stored operational da- 
ta and in dependent response thereto outputting infor- 
mation as to the desirability of replacing or repairing at 
least one selected wear part or modifying the operation 
of the pump. An improved pump with numerous sensors 
for sensing operational data relative to the wear and tear 
of various parts of the pump and the operating param- 
eters of the pump which are linked to a processor mount- 
ed at the pump and which, in turn, is linked to a main 
computer is also disclosed. 
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Description 
Field of the Invention : 

[0001] The present invention relates generally to 
pumps and the maintenance and operation thereof. 
More specifically, the present invention relates to a 
method of facilitating the maintenance of a pump utiliz- 
ing characteristic "signatures" of a pump such as the 
acoustic sounds the pump makes during operation, the 
vibrations generated by the pump or other signals 
unique to the pump. The present invention also utilizes 
a processor and one or more sensors that provide infor- 
mation about the pump during the operation thereof. 
The information provided by the sensor is utilized by the 
processor to determine whether the replacement or re- 
pair of a wear part is indicated or whether the operation 
of the pump should be modified for efficiency, safety or 
other reasons. 

BACKGROUND OF THE INVENTION 

[0002] The control and operation of pumps by elec- 
tronic means is known only to the extent that electronic 
means such as computers or processors have been 
used to start, stop and control the rate at which pumps 
operate. However, pumps typically perform essential 
functions in industrial processes such as delivering ma- 
terial from one point to another. When one pump in a 
large complex operation fails due to need of repair or 
other reason, the entire process can be jeopardized and 
may often need to be shut down. Thus, not only is it im- 
portant to keep a pump that forms a part of a complex 
operation running, it is important to know when the pump 
will need servicing so that the replacement or repair of 
the wear parts of the pump can be scheduled for a con- 
venient time, i.e. during a planned shutdown of the op- 
eration. Still further, it is important for the operator to 
know whether a pump is operating efficiently so that en- 
ergy consumption can be minimized and the useful life 
of the wear parts of the pump can be maximized. In 
these regards, the use of processors and electronic cir- 
cuitry to provide the operator of advance notice of need- 
ed repairs or with information concerning the efficiency 
and operational characteristics of pumps has not been 
provided. 

[0003] For example, the present invention was devel- 
oped in the context of an air operated double diaphragm 
pump. However, upon review of this specification, it will 
be readily apparent to the reader that the present inven- 
tion is not limited to such pumps. In the context of dia- 
phragm pumps, it would be extremely useful to utilize 
data measurement regarding the diaphragm physical in- 
tegrity during the operation of the pump. Such a meas- 
urement could be used to alert the operator of imminent 
diaphragm failure or an automaticshutdown of the pump 
prior to diaphragm failure if corrective action has not 
been taken within an allotted time interval. Such a data 
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measurement and v^BPfng system would provide seri- 
ous environmental safety benefits and reduce the fre- 
quency of spillage because when a diaphragm fails in a 
diaphragm pump, the material being pumped will spill 
5 through a broken diaphragm. 

[0004] Similarly, double diaphragm pumps have two 
pumping chambers, each partially bound with a dia- 
phragm. The diaphragms are connected by a common 
diaphragm rod. While material is being pumped out of 
10 one chamber, material is being drawn into the other 
chamber. Each chamber is also bound by two check 
valves. The check valves disposed at the bottom of the 
two chambers permit the drawing of fluid into their re- 
spective chambers and then are sealed to prevent any 
15 fluid from passing through the valve when the fluid is 
being pumped out of the chamber. Similarly, the two 
check valves typically disposed at the top of the cham- 
bers are in a sealing position when fluid is being drawn 
into the chamber but permit fluid to flow out of the cham- 
20 ber during a pump stroke. Currently, there is no means 
for detecting fluid "slip" between the check valve and 
seat. The detection of such a condition could be used 
to alert the operator that maintenance is required or sim- 
ply to alert the operator that the speed of the pump 
25 needs to be adjusted. 

[0005] As another example, data regarding the back 
pressure in the air chamber behind each diaphragm 
would be important to determine whether any excessive 
exhaust restrictions exist such as icing of the muffler or 
30 freezing of wet air in the exhaust port. Similarly, a meas- 
urement of the filling rate of each pump chamber could 
be used to regulate the speed of the pump and therefore 
energy consumption to optimize efficiency. In addition 
to energy savings, optimizing the efficiency of a pump 
35 can also optimize the useful life of the diaphragm, check 
valve components and other wear parts thereby reduc- 
ing operating costs. 

[0006] Further, a measurement of the diaphragmtem- 
perature during operation of the pump could be used to 

40 ensure safe operation of the pump taking into consider- 
ation the defined temperature limits of the diaphragm 
material. Measurement of the suction pressure could al- 
so be used to ensure safe operation of the pump. A de- 
tection of any parameter outside of a predetermined 

45 safe parameter range could be used to alert the operator 
or automatically shut down the pump. 
[0007] Accordingly, there is a need for the use of elec- 
tronic means to monitor various parameters of a pump 
during the operation thereof to not only facilitate the 

50 maintenance of the pump but also adjust the operation 
of the pump for safety as well as efficiency reasons. 

SUMMARY OF THE INVENTION 

55 [0008] The present invention satisfies the aforenoted 
needs by providing a method of facilitating the mainte- 
nance or modifying the operation of a pump and a pump 
equipped with a processor and memory thereby facili- 
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tating maintenance and oplTSTing decisions. 
[0009] In an embodiment, the present invention pro- 
vides a method of facilitating maintenance of a pump 
comprising thefollowing steps: providing a pump includ- 
ing wear parts, a processor and memory; sensing at 5 
least one operating condition of the pump indicative of 
the operation of the pump; generating operational data 
reflective of the sensed operating condition; storing the 
generated operational data in the memory; storing parts 
identification data identifying wear parts of the pump in 10 
the memory; storing at least one predetermined level of 
operational information; and operating the processor to 
compare the stored predetermined level to the stored 
operational data and in dependent response thereto 
outputting information as to the desirability of replacing 15 
or repairing at least one selected wear part. 
[0010] In an embodiment, the method further com- 
prises the following step: repeating the steps of sensing 
at least one operating condition of the pump indicative 
of the operation of the pump, generating operational da- 20 
ta reflective of the sensed operating condition, storing 
the operational data in the memory, and thereafter up- 
dating the stored operational data in dependent re- 
sponse to the sensing of the at least one operating con- 
dition. 25 
[001 1] In an embodiment the method further compris- 
es the following steps: retrieving parts identification data 
for the at least one selected part from the memory, and 
outputting information identifying the at least one part 
whose replacement or repair is desired. 30 
[0012] In an embodiment, the pump comprises a 
pumping element and the operational condition of the 
sensing step is a physical integrity of the pumping ele- 
ment of the pump. 

[0013] In an embodiment, the pumping element is a 35 
diaphragm. 

[0014] In an embodiment, the pump comprises a 
check valve and the operational condition of the sensing 
step is a reverse fluid flow through the check valve. 
[0015] In an embodiment, the method further com- 40 
prises the following step: providing at least one sensor. 
[0016] In an embodiment, the present invention pro- 
vides a method of modifying an operation of a pump 
comprising the following steps: providing a pump, a 
processor and memory; sensing at least one operating 45 
condition of the pump indicative of the operation of the 
pump; generating operational data reflective of the 
sensed operating condition; storing the generated oper- 
ational data in the memory; storing at least one prede- 
termined level of operational information; operating the 50 
processor to compare the stored predetermined level to 
the stored operational data and in dependent response 
thereto outputting information as to the desirability of 
modifying the operation of pump. 

[0017] In an embodiment, the method further com- 55 
prises the following step: repeating the steps of sensing 
at least one operating condition of the pump indicative 
of the operation of the pump, generating operational da-. 



ta reflective of the sensed operating condition, storing 
the operational data in the memory, and thereafter up- 
dating the stored operational data in dependent re- 
sponse to the sensing of the at least one operating con- 
dition. 

[001 8] In an embodiment, the operational condition of 
the sensing step is an output flow rate of the pump. 
[0019] In an embodiment, the operational condition of 
the sensing step is a cycle rate of the pump. 
[0020] In an embodiment, the operational condition of 
the sensing step is an acceleration of a cycle rate of the 
pump. 

[0021] In an embodiment, the pump comprises a 
pumping element and the operational condition of the 
sensing step is a temperature of the pumping element 
of the pump. 

[0022] In an embodiment, the pumping element is a 
diaphragm. 

[0023] In an embodiment, the pump is an air operated 
diaphragm pump comprising an air chamber and the op- 
erational condition of the sensing step is a back pres- 
sure in the air chamber. 

[0024] In an embodiment, the pump comprises at 
least one pumping chamber and the operational condi- 
tion of the sensing step is a filling rate of the pumping 
chamber. 

[0025] In an embodiment, the operational condition of 
the sensing step is a suction pressure of the pump. 
[0026] . In an embodiment, the present invention pro- 
vides a pump that comprises at least one wear part, a 
processor and memory, at least one sensor for sensing 
at least one operating condition of the pump, and a dis- 
play. The sensor communicates operational data reflec- 
tive of the sensed operating condition to the processor. 
The processor stores the operational data in the mem- 
ory and updates the stored operational data upon re- 
ceipt of new operational data from the sensor. The mem- 
ory also comprises parts identification data that identi- 
fies wear parts of the pump and at least one predeter- 
mined level of operational information. The processor 
compares the stored predetermined level to the stored 
operational data and, in dependent response thereto, 
outputs information to the display as to the desirability 
of replacing or repairing at least one selected wear part. 
In such an embodiment, the parts identification data of 
the memory is essentially a listing of the parts that are 
subject to wear. In such an embodiment, the memory 
may also include data equivalent to an operating man- 
ual, parts lists and drawings illustrating the operation of 
the pump. 

[0027] In an embodiment, the processor is in commu- 
nication with a stand alone computer. 
[0028] lp an embodiment, the computer is a hand held 
computer. 

[0029] In ah embodiment, the processor of the pump 
is linked to at least one other processor of another pump. 
[0030] In an embodiment, the wear part is a pumping 
element. 



3 



EP 1 160 450 A2 



is a 



[0031] In an embodiment, the pumping element 
diaphragm. 

[0032] In an embodiment, the wear part is a check 
valve ano the sensor senses a reverse fluid flow through 
the check valve. 

[0033] In an embodiment, the processor further com- 
pares the stored predetermined level to the stored op- 
erational data and in dependent response thereto out- 
puts information as to the desirability of modifying the 
operation of pump. 

[0034] In an embodiment, the present invention pro- 
vides a pump that comprises at least one wear part, a 
processor and memory, at least one sensor for sensing 
at least one operating condition of the pump, and a dis- 
play, the sensor communicating operational data reflec- 
tive of the sensed operating condition to the processor, 
the processor storing the operational data in the mem- 
ory and updating the stored operational data upon re- 
ceipt of new operational data from the sensor, the mem- 
ory also comprising parts identification data identifying 
wear parts of the pump and at least one predetermined 
level of operational information, the processor compar- 
ing the stored predetermined level to the stored opera- 
tional data and in dependent response thereto output- 
ting information to the display as to the desirability of 
replacing or repairing at least one selected wear part. 
[0035] In an embodiment, the sensor is a flow meter 
and operational condition sensed by the sensor is an 
output flow rate of the pump. 

[0036] In an embodiment, the sensor comprises at 
least one proximity switch and operational condition 
sensed by the sensor is a cycle rate of the pump. 
[0037] In an embodiment, the operational data com- 
municated by the sensor to the processor is a change 
in the cycle rate of the pump. 

[0038] In an embodiment, the operational data com- 
municated by the sensor to the processor is a temper- 
ature of the pumped fluid. 

[0039] In an embodiment, the pump is an air operated 
diaphragm pump comprising an air chamber and the op- 
erational condition sensed by the sensor is a back pres- 
sure in the air chamber. 

[0040] In an embodiment, the pump comprises at 
least one pumping chamber and the operational condi- 
tion sensed by the sensor is a filling rate of the pumping 
chamber. 

[0041] In an embodiment, the operational condition 
sensed by the sensor is a suction pressure of the pump. 
[0042] In an embodiment, the processor compares 
the stored predetermined level to the stored operational 
data and in dependent response thereto outputting in- 
formation to the display as to the desirability of replacing 
or repairing at least one selected wear part. 
[0043] In yet another embodiment, the present inven- 
tion utilizes signature signals of a pump, such as acous- 
tic signature of a pump or the sounds the pump makes 
during operation thereof, a vibration signature of the 
pump or the vibrations made by the pump during oper- 
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ation thereof or otneWTnique signatures in the form of 
signals emitted by the pump during operation of the 
pump. The present invention provides a means for uti- 
lizing these signatures, detecting changes therein and 
5 then determining the need for part replacement or main- 
tenance of the pump. 

[0044] Other objects and advantages of the present 
invention will become apparent to those skilled in the art 
upon reviewing the following detailed description, draw- 
10 ings and appended claims. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0045] For a more complete understanding of the 
15 present invention, reference should now be made to the 
embodiments illustrated in greater detail in the accom- 
panying drawings and tables and described below by 
way of examples of the invention. 
[0046] In the drawings: 

20 

Figure 1 is a schematic illustration of an air operated 
double diaphragm pump equipped with a micro- 
processor and sensors in accordance with the 
present invention; 

25 Figure 2 is a schematic diaphragm illustrating the 
linking of three air operated double diaphragm 
pumps to a hand held computer and/or central com- 
puter which, in turn, is linked to a separate control- 
ler, local area network server or external computer 

30 by way of a modem and telephone or cellular tele- 
phone or radio frequency connection; 
Figure 3 is a schematic flow diagram illustrating the 
data communicated to a processor incorporated in- 
to a pump equipped with the present invention dur- 

35 ing operation of the pump as well as initial firm ware 
input and the communication of data from said proc- 
essor to an active display or central computer; 
Figure 4 illustrates an alternative embodiment of a 
processor associated with a pump equipped with 

40 the present invention including data communicated 
to the processor by sensors associated with the 
pump and the transmission of data from the proc- 
essor to a hand held computer, active display and 
central computer; 

45 Figure 5A illustrates schematically one flowchart for 
a computer program installed on a processor asso- 
ciated with a pump equipped with the present inven- 
tion for carrying out a method according to the 
present invention; and 

50 Figure 5B illustrates a flowchart for a program for 
counting strokes or cycles of a pump carried out at 
any point in the flowchart illustrated in Figure 5A. 

[0047] It should be understood that the drawings are 
55 not necessarily to scale and that the embodiments are 
sometimes illustrated by graphic symbols, phantom 
lines, diagrammatic representations and fragmentary 
views. In certain instances, details which are not neces- 
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sary for an understanding 6?^he present invention or 
which render other details difficult to perceive may have 
been omitted. It should be understood, of course, that 
the invention is not necessarily limited to the particular 
embodiments illustrated herein. 

DETAILED DESCRIPTION OF THE PRESENTLY 
PREFERRED EMBODIMENTS 

[0048] Figure 1 schematically illustrates a pump 10 
equipped with a plurality of sensors as well as a micro- 
processor 12. The microprocessor 12 is shown finked 
to a central computer 14 by a transmission means 16 
such as a . serial interface, local area network server 
(LAN), databus, modem or the like. 
[0049] Referring back to the pump 1 0, it should be not- 
ed that the pump 10 is an airoperated double diaphragm 
pump (AODD) but it will also be noted that the present 
invention and the concepts provided by the present in- 
vention are also applicable to other pumps as well. That 
is, the present invention is not limited to diaphragm 
pumps. In general, the pump 10 includes an intake port 
18 through which fluid is drawn. In the position illustrated 
in Figure 1 , the fluid flows through the intake port 1 8 and 
past the check valve 20 (note that the ball 22 is lifted off 
of the seat 24 by the force of the flowing fluid). In con- 
trast, the ball 26 of the check valve 28 is firmly planted 
on the seat 30 as fluid is pumped out of the chamber 32 
by the force exerted on the fluid in the chamber 32 by 
the diaphragm 34 which has been moved to the left in 
a displacement stroke. In contrast, fluid is being drawn 
into the chamber 36 because the diaphragm 38 has 
been moved to the left in a suction stroke. The fluid being 
pumped out of the chamber 32 flows through the check 
valve 40 as it lifts the ball 42 off of the seat 44. In con- 
trast, the low pressure environment created in the cham- 
ber 36 by the movement of the diaphragm 38 to the left 
causes the ball 46 of the check valve 48 to be suctioned 
downward on its seat 50. Fluid exits the pump through 
the outlet port 52. 

[0050] The diaphragms 34, 38 are connected to one 
another by a diaphragm rod 54. Power is supplied to the 
pump by way of air transmitted through a main air valve 
56 to one of two air chambers 58, 60 to move the dia- 
phragms back and forth. It will be noted that the main 
air valve 56 includes a spool 62 that moves back and 
forth within the chamber shown at 64. However, a de- 
tailed explanation of the workings of the air valve is not 
necessary as air valves for these types of pumps are 
well known to those skilled in the art. 
[0051] In order to better monitor the pump 10 and 
keep the operators apprised of when repairs or mainte- 
nance may be needed and to further keep the operators 
apprised of the operating efficiency of the pump, a 
number of sensors can be employed and linked to the 
processor 12 to provide valuable information to the op- 
erators. Specifically, diaphragm monitoring sensors 
66a, 66b may be employed on one or both diaphragms 



and linked to the processor 1 2. Further, the sensors 66a, 
66b may also provide temperature information regard- 
ing the temperature of the diaphragms 34, 38. Such tem- 
perature data can be used to ensure safe operation of 

5 the pump within the defined temperature limits of the di- 
aphragm material. Indication that the temperature.of the 
diaphragms 34 . 38 falls outside of the desired or recom- 
mended temperature range can result in an alarm or an 
automatic shut down of the pump. These sensors would 

10 generate a signal or pulse when the integrity of the dia- 
phragm is compromised or in danger of imminent failure. 
One embodiment of such a diaphragm sensor is an 
acoustic sensor that detects the acoustic signature of a 
healthy or viable diaphragm and therefore is capable of 

15 detecting changes in the acoustic signature of the dia- 
phragm indicating wear and tear or damage. Further, 
flow sensors such as those shown at 68a-68d disposed 
upstream of each check valve 28, 20, 48, 40 could de- 
tect leakage or fluid slip behind the check valves 28, 20, 

20 48, 40 when the valves are supposed to be in a sealing 
position. These sensors could also be linked to the proc- 
essor 12 so that the processor 12 could alert the oper- 
ator to a slip condition and the need for corrective main- 
tenance. Further, the operator may decide that it is nec- 

25 essary to adjust the speed of the pump to resolve such 
a fluid slip problem. Further, the sensors 68a, 68b, 
where sensors disposed in or slightly downstream of the 
check valves 28 f 20 could be used to monitor the filling 
rate of the pump chambers 32, 36. Data generated by 

30 the sensors 68a, 68b could be used to monitor energy 
consumption and optimize efficiency. 
[0052] To sense the speed of the pump, a proximity 
sensor 70a, 70b may be disposed on either end of the 
chamber 64 of the main.air valve 56 to detect when the 

35 spool 62, and therefore the diaphragm rod 54, is at an 
end of stroke. The proximity sensors 70a, 70b would, of 
course, also be linked to the processor 12. 
[0053] Further, it may be desirable to include pressure 
sensors 72a, 72b in the air chambers 58, 60 to monitor 

40 the back pressure in these chambers 58, 60. This back 
pressure data can be used to determine if any excessive 
exhaust restrictions exist such as icing of the muffler or 
freezing of wet air in the port. The processor 1 2 can then 
alert the operator of the condition and possibly schedule 
corrective maintenance action. 

[0054] A sensor 74 may be disposed in the intake port 
18 to measure suction pressure to ensure safe opera- 
tion of the pump 10 within the recommended operating 
parameters. 

50 [0055] The processor 12 includes a variety of data in- 
itially installed in its memory. Referring to Figures 3 and 
4. the firmware input of the processors 12 may include, 
but is not limited to the model number of the pump, the 
serial number, the distributor or original equipment man- 

55 ufacturer name, the date of manufacture, the pump per- 
formance curves, a clock or calendar and an operating 
program including a cycle counter, a duty cycle calcula- 
tor, an hour meter, a pump output algorithm including an 
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average output and current output, a cumulative output 
and lookup tables for wear parts. 

[0056] Figures 3 and 4 indicate some of the sensor 
inputs discussed above with respect to Figure 1. Spe- 
cifically, a cycle count from the proximity switches or 5 
sensors 70a, 70b, leakage from diaphragm sensors 
66a, 66b, flow rate into the chambers 32, 34 by way of 
the sensors 68a, 68b or slip flow rate through any of the 
check valves 28, 20, 48, 40 by way of the sensors shown 
at 68a-68d, acceleration of the pump or increase in the 10 
cycle rate of the pump by way of the proximity sensors 
70a, 70b, back pressure byway of the sensors 72a, 72b 
or suction pressure by way of the sensor 74. Other pos- 
sible inputs will be apparent to those skilled in the art 
that are too numerous to mention here. *5 
[0057] The processor 1 2, which will be conventionally 
attached or mounted to the pump 10. can be linked to 
the central computer or controller 14 by a variety of 
means, some of which are illustrated in Figures 3 and 
4, A serial interface 76 or infrared coupler may be em- 20 
ployed to link the processor 12 to a hand held computer 
78 which provides the operator with an active display 
80. The serial interface 76 or infrared coupler may either 
directly, or indirectly through the hand held computer 78, 
link the processor 1 2 to the central computer 14. Further, 25 
a LAN connection 82 or a modem 84 may be employed. 
Another option not shown is the incorporation of a dat- 
abus. Output data may include, but is not limited to, 
model and serial number for identification, cumulative 
pump output records, cumulative cycle counts, frequen- 30 
cy of operation, maintenance history and schedule, a 
history of parameter changes, process feedback data, 
fault indication, a means for notifying the operator of sig- 
nificant changes or fault conditions and the ability to 
download operating data to a remote location or over 35 
the Internet. 

[0058] Further, referring to Figure 2, a plurality of 
pumps 10a-10c each equipped with processors 12a- 
12c and one or more sensors as discussed above with 
respect to Figure 1 may be linked together by way of a *o 
databus 86a-86c. In the alternative, a hand held com- 
puter 78a may be employed to link the pumps 10a-10c 
to the central computer 14a. The hand held computer 
78a may also be used as a remote display or as a means 
for programming the operation of the pump in addition 45 
to being a link to the main computer or processor 12. 
Data from the central computer 14a may be transmitted 
to other local or remote devices such as a programma- 
ble logic controller 88, a LAN 82a or a modem 84a. The 
LAN 82a may also be linked to a plurality of other net- so 
work computers 88a-88d. 

[0059] Figures 5A and 5B illustrate one software em- 
bodiment for the processor 12. An initialized step is 
shown at 90 prior to the step 92 where the processor 
checks to see whether an alarm condition has been in- 55 
dicated. If an alarm has been indicated, it is logged or 
stored into the memory at 94. An alarm can be an indi- 
cation that a detector or sensor associated with a wear 
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part or a particular^Pfating condition is generating a 
signal that is out of tolerance. For example, the wear of 
a diaphragm may generate a signal indicating that the 
diaphragm is in need of replacement. Further, an alarm 
can indicate the failure of such a diaphragm. Similar 
alarms can be generated for the check valves. Still fur- 
ther, an alarm can be generated when reverse flow 
through a check valve is detected, when the output flow 
rate of the pump falls outside of the predetermined ap- 
propriate output range, when the cycle rate of the pump 
falls outside of a predetermined acceptable range, when 
an unacceptable acceleration of the cycle rate of the 
pump is detected, when an unacceptable back pressure 
associated with the air chambers is detected, when an 
unacceptable filling rate for either pumping chamber is 
detected, when an unacceptable suction pressure for 
the pump is detected or when an unacceptable temper- 
ature is detected such as a temperature of a pumping 
element of diaphragm. Detection of imminent or actual 
diaphragm failure is a more likely embodiment than di- 
aphragm temperature measurements. 
[0060] In the event no alarm condition is indicated, the 
processor checks to see if any request for information 
has been made at 96. If a network request has been 
made, the program is interrupted at 98 and the type of 
request is determined at 1 00. If it is a "monitor" request, 
the processor displays the pump historical and opera- 
tional data at 102. If it is a "maintenance" request, the 
processor 12 displays the part service history informa- 
tion at 104. If it is determined that a specific part needs 
service or maintenance, the part information is retrieved 
at 106 and the part service manual information is dis- 
played at 108. If it is determined that a part does not 
need to be replaced and some other type of mainte- 
nance needs to be performed, the maintenance service 
is logged at 110 and the service interval is reset at 112. 
[0061] If the request at 100 is a "control system" re- 
quest, the pump information relating to output and batch 
control information is displayed at 1 14. If a parameter is 
changed, a signal may be directly transmitted to the 
pump at 116 or the signal may need to be reconfigured 
at 118 priorto the transmission of the signal to the pump. 
[0062] If no network request is made at 196, the proc- 
essor checks if a local request is made at 120 or a re- 
quest from the hand held computer 78. If such a request 
is made, the request, which may typically be transmitted 
by way of infrared transmission, is processed at 122 be- 
fore the type of request is determined at 100. If no local 
request has been made, and the signal is an analog sig- 
nal, the signal is processed by an analog digital convert- 
ed at 124 and the appropriate action is carried out at 
126. If the signal is a digital signal, the signal is proc- 
essed at 128 and the appropriate action is carried out 
at 126. A maintenance check is performed at 130 and, 
if a maintenance step is due, the visual indication is 
made at 132. As seen in Figure 5A, the program is an 
endless loop. 

[0063] In Figure 5B. each proximity sensor count is 
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registered at 134 and the pTSgram illustrated in Figure 
5A can be interrupted at any point. The count is logged 
at 136 and the program illustrated in Figure 5A returns 
to its next sequential step at the exit interrupt step at 
138. 

[0064] It will be noted that the software program illus- 
trated in Figures 5A and 5B is but one embodiment that 
can be utilized to carry out the method of the present 
invention. As shown above in Figure 1 , a variety of sen- 
sor inputs can be utilized and as shown in Figures 2-4, 
a variety of means for transmitting information from the 
pump processors to a main computer can be employed. 
Further, a variety of input and output information can be 
utilized. 

[0065] Further, additional sensors may be employed 
for monitoring and detecting changes in the pump's 
unique signatures, such as acoustic or vibratory signa- 
tures. 

[0066] From the above description it is apparent that 
the objects of the present invention have been achieved. 
While only certain embodiments have been set forth, al- 
ternative embodiments and various modifications will be 
apparent from the above description to those skilled in 
the art. These and other alternatives are considered 
equivalents and within the spirit and scope of the 
present invention. 



Claims 

1. A method of modifying an operation of a pump com- 
prising the following steps: 

providing a pump, a processor, and memory; 

sensing at least one operating condition of the 

pump indicative of the operation of the pump; 

generating operational data reflective of the 

sensed operating condition; 

storing the generated operational data in the 

memory; 

storing at least one predetermined level of op- 
erational information; 

operating the processor to compare the stored 
predetermined level to the stored operational 
data and in dependent response thereto out- 
putting information as to the desirability of mod- 
ifying the operation of the pump. 

2. The method claim of claim 1 wherein the pump in- 
cludes wear parts, and wherein modifying the oper- 
ation of the pump includes replacing or repairing at 
least one selected wear part, and further comprising 
the following step: 

storing parts identification data identifying 
wear parts of the pump in the memory. 

3. The method of claim 2 further comprising the follow- 
ing steps: 
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retrieving parts identification data for the at 
least one selected part from the memory; and 
outputting information identifying the at least 
one part whose replacement or repair is de- 
5 sired. 

4. The method of claims 1, 2 or 3 further comprising 
the following steps: 

10 repeating the steps of 

sensing at least one operating condition of 
the pump indicative of the operation of the 
pump; 

15 generating operational data reflective of 

the sensed operating condition; 
storing the operational data in the memory; 
and thereafter 

20 updating the stored operational data in depend- 

ent response to the sensing of the at least one 
operating condition. 

5. The method of claims 1. 2, or 3 wherein the pump 
25 comprises a pumping element and the operational 

condition of the sensing step is a physical integrity 
of the pumping element of the pump. 

6. The method of claims 1 , 2, or 3 wherein the pump 
30 comprises a check valve and the operational con- 
dition of the sensing step is a reverse fluid flow 
through the check valve. 

7. The method of claims 1, 2 or 3 further comprising 
35 the following step: 

providing at least one sensor. 

8. The method of claims 1, 2 or 3 wherein the opera- 
tional condition of the sensing step is an output flow 

40 rate of the pump, a cycle rate of the pump, an ac- 

celeration of a cycle rate of the pump, or a suction 
pressure of the pump. 

9. The method of claims 1, 2, or 3 wherein the pump 
45 comprises a pumping element and the operational 

condition of the sensing step is a temperature of the 
pumping element of the pump. 

10. The method of claims 1. 2, or 3 wherein the pump 
so is an air operated diaphragm pump comprising an 

air chamber and the operational condition of the 
sensing step is a back pressure in the air chamber. 

11. The method of claim 1, 2, or 3 wherein the pump 
55 comprises at least one pumping chamber and the 

operational condition of the sensing step is a filling 
rate of the pumping chamber. 
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12. The method of claims 2 673 wherein the at least 
one wear part is a pumping element and the oper- 
ational condition of the sensing step is a physical 
integrity of the pumping element. 

13. The method of claims 2 or 3 wherein the at least 
one wear part is a check valve and the operational 
condition of the sensing step is a reverse fluid flow 
through the check valve. 

14. A pump comprising: 

at least one wear part, a processor and mem- 
ory, at least one sensor for sensing at least one 
operating condition of the pump, and a display; 
the sensor communicating operational data re- 
flective of the sensed operating condition to the 
processor, the processor storing the operation- 
al data in the memory and updating the stored 
operational data upon receipt of new operation- 
al data from the sensor. 

the memory also comprising parts identification 
data identifying wear parts of the pump and at 
least one predetermined level of operational in- 
formation; 

the processor comparing the stored predeter- 
mined level to the stored operational data and 
in dependent response thereto outputting infor- 
mation to the display as to the desirability of 
modifying the operation of the pump. 

15. The pump of claim 14 wherein the processor out- 
puts information as to the desirability of replacing 
or repairing at least one selected wear part. 

16. The pump of claims 14 or 15 wherein the processor 
is in communication with a stand alone computer. 

17. The pump of claims 14 or 15 wherein the computer 
is a hand held computer. 

1 8. The pump of claims 14 or 1 5 wherein the processor 
of the pump is linked to at least one other processor 
of another pump. 

19. The pump of claims 14 or 1 5 wherein the wear part 
is a pumping element. 

20. The pump of claims 14 or 1 5 wherein the wear part 
is a check valve and the sensor senses a reverse 
fluid flow through the check valve. 

21. The pump of claims 14 or 15 wherein the sensor is 
a flow meter and the operational condition sensed 
by the sensor is an output flow rate of the pump. 

22. The pump of claims 14 or 15 wherein the sensor 
comprises at least one proximity switch and the op- 
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23. The pump of claims 14 or 15 wherein the operation- 
5 al data communicated by the sensor to the proces- 

sor is an acceleration of a cycle rate of a pump, a 
temperature of a pumping element of the pump, or 
a suction pressure of the pump. 

10 24. The pump of claims 14 or 15 wherein the pump is 
an air operated diaphragm pump comprising an air 
chamber and the operational condition sensed by 
the sensor is a back pressure in the air chamber. 

15 25. Thepumpofclaims14or15whereinthepumpcom- 
prises at least one pumping chamber and the oper- 
ational condition sensed by the sensor is a filling 
rate of the pumping chamber. 

20 26. The method of claims 5, 9. or 12 or the pump of 
claims 19 or 23 wherein the pumping element is a 
diaphragm. 

27. A method of facilitating maintenance of a pump 
25 comprising the following steps: 

providing a pump including wear parts, a proc- 
essor and memory; 

sensing at least one signature signal of the 
30 pump indicative of the operation of the pump; 

storing the sensed signature signal in the mem- 
ory; 

storing parts identification data identifying wear 
parts of the pump in the memory; 
35 storing at least one predetermined signature 

signal; 

operating the processor to compare the stored 
predetermined signature signal to the stored 
sensed signature signal and in dependent re- 
40 sponse thereto outputting information as to the 

desirability of replacing or repairing at least one 
selected wear part. 

28. A pump comprising: 

45 

at least one wear part, a processor and mem- 
ory, at least one sensor for sensing at least one 
signature signal of the pump, and a display; 
the sensor communicating the sensed signa- 

50 ture signal to the processor, the processor stor- 

ing the signature signal in the memory and up- 
dating the stored signature signal upon receipt 
of a new signature signal from the sensor, 
the memory also comprising parts identification 

55 data identifying wear parts of the pump and at 

least one predetermined signature signal, 
the processor comparing the stored predeter- 
mined signature signal to the stored signature 
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signal and in depeTt3£nt response thereto out- 
putting information to the display as to the de- 
sirability of replacing or repairing at least one 
selected wear part. 

5 

29. The method of claim 27 or the pump of claim 28 
wherein the signature signal is an acoustic signal. 

30. The method of claim 27 or the pump of claim 28 
wherein the signature signal is an acoustic signal. 10 
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